Microhabitat conditions affect foraging by small mammals. We investigated the effect of vegetation (vertical cover, coarse woody debris, size of trees) and illumination (cloud cover, lunar illumination) and their interactions on patch use and foraging by white-footed mice (Peromyscus leucopus) in deciduous forests in southwestern Ohio. We positioned feeding trays containing sunflower seeds mixed into sand with 1 seed placed on top of the sand on 5 grids during summer 2010 to measure patch use (removal of seed on top of the sand) and foraging intensity as GUD (giving-up density measured as proportion of seeds eaten). We used generalized linear mixedeffects models to determine how vegetation and illumination affected patch use and foraging. Patch use increased with increasing low vertical cover (LVC) and decreased with increasing lunar illumination likely because of a perception of risk of predation. If mice remained in a resource patch, foraging was explained by a more complex interaction between LVC, moon, and cloudiness. Little foraging occurred when LVC was low. At moderate levels of LVC, foraging decreased with increased lunar illumination, but increased when increased cloud cover decreased lunar illumination. For high levels of LVC, foraging increased on cloudy, dark nights and also on bright, cloudless nights. Our results differ from other foraging studies that examined only the effect of a single variable on foraging. We determined not only that different factors affect patch use and foraging, but also that foraging was affected by the interaction of LVC, lunar illumination, and cloud cover. Our results indicate that factors affecting habitats used (sensu lato) by white-footed mice differ from the broader factors that affect foraging decisions. Our results also may explain disparities of previous studies of foraging by white-footed mice that examined the effect of light levels or vegetative cover without considering their interactive effects.
The perceived risk of predation can have a profound effect on foraging behavior of small mammals and, consequently, on their nutritional status and survival (Brown and Kotler 2004; Ylönen and Brown 2007) . Small mammals often occur in and spend more time foraging in microhabitats that reduce risk of predation. For example, travel pathways in dense vegetation or coarse woody debris (CWD) may offer protection from predators searching by sight or sound (Barnum et al. 1992; Loeb 1999; McCay 2000; Hinkelman and Loeb 2007) and foraging in or near shrubby microhabitats may reduce predation risk (Kotler et al. 2002, Zollner and Crane 2003; Hinkelman et al. 2012) . Perceived predation risk also can have a negative effect on the amounts of food eaten because of trade-offs between vigilance and foraging. Foraging in microhabitats where small mammals perceive lower predation risk may allow individuals to balance these trade-offs and increase the amount and quality of food consumed (Verdolin 2006; van der Merwe and Brown 2008) . Temporally variable factors such as lunar illumination also affect microhabitat use. Nocturnal small mammals reduce the risk of predation during periods of high illumination by reducing foraging and seeking microhabitats with greater cover (Hughes et al. 1994; Yunger et al. 2002; Bird et al. 2004; Ylönen and Brown 2007; Kotler et al. 2010; Prugh and Golden 2014) . Similarly, during nights of increased lunar illumination, microhabitats containing CWD are less risky than are open microhabitats (Hinkelman et al. 2012 ). However, activity increases with lunar illumination for a number of nocturnal mammals likely because they use vision to detect predators and increased illumination does not alter predation risk (Bouskila 1995; Prugh and Brashares 2010; Prugh and Golden 2014) .
Feeding trays can be used to investigate the intensity of foraging by small mammals in microhabitats (Brown 1988; Abu Baker and Brown 2011; Shuai and Song 2011) . The quantity of food remaining in these trays after foraging has ceased is referred to as the giving-up density (GUD), and is an indirect measure of the amount of effort or time animals spend in a particular microhabitat (Brown 1988) . GUD also has been measured as the proportion of seeds removed (Manson and Stiles 1998) or as the mass of seeds remaining (Morris 1997; Schmidt and Ostfeld 2003; . Higher values of GUD indicate that less food is eaten and therefore less time and effort are spent foraging in a particular microhabitat; lower GUDs indicate that more food is eaten and more time and effort are spent foraging in a particular microhabitat. Hence, GUD reflects the amount of perceived predation risk, food availability or quality, or energetic costs of foraging in particular microhabitats (Brown 1988; Shaner et al. 2007; Orrock and Danielson 2009; Hinkelman et al. 2012) , and can be used to assess preference or avoidance of certain microhabitats.
GUDs reflect both the amount of time animals spend foraging and the number of visits to feeding trays (Davidson and Morris 2001; Mohr et al. 2003) . Because animals can visit more than 1 feeding tray in a night, feeding trays reflect how foraging by the same animal or a set of animals differs among areas. While it is difficult to discern how many times a feeding tray was visited or how many different animals visited a particular tray, both increased visitation by a single animal and visitation by multiple animals would indicate preference for specific microhabitats and would not affect measures of GUD.
White-footed mice (Peromyscus leucopus) inhabit deciduous forests throughout the eastern United States (Dueser and Shugart 1978; Seagle 1985; Mengak and Guynn 2003) . Studies investigating use of microhabitats or foraging intensity have yielded mixed results. Some studies determined that these mice prefer to travel on logs (Barry and Francq 1980; Barnum et al. 1992; McMillan and Kaufman 1995) and are associated with microhabitats containing a greater percent of vegetative cover and CWD (Barnum et al. 1992; Greenberg 2002; Edalgo et al. 2009 ). However, others did not find a positive association with CWD (Menzel et al. 1999; Jones and Lindquist 2012; Shields et al. 2014) . Additionally, some studies found that foraging by P. leucopus increased as lunar illumination decreased (Clark and Kaufman 1991; Jekanoski and Kaufman 1995; Fanson 2010 ), but others report no effect of lunar illumination on activity or selection of microhabitats (Barry and Francq 1982; McMillan and Kaufman 1995; Manson and Stiles 1998; Fanson 2010) . Foraging also increased (lower GUDs) when vegetative cover was high (Manson and Stiles 1998; Wilder and Meikle 2005; Fanson 2010 ). In another study, foraging was not higher in microhabitats with increased vegetative cover, but was higher in these microhabitats during full moons (Bowers and Dooley 1993) . One reason suggested for these responses was that a foraging site was either risky (more exposure to predators) or not risky (less exposure to predators). White-footed mice could respond to indirect cues of risk such as vegetation cover or amount of lunar illumination, or to direct predator cues. Using predator urine as a possible cue, some studies reported no effect on foraging (P. leucopus -Fanson 2010; P. polionotusOrrock et al. 2004) , whereas others found decreased foraging (P. polionotus, P. gossypinus-Brinkerhoff et al. 2005) .
Our study builds on previous studies by using feeding trays to assess how characteristics of the microhabitat (vertical cover, woody debris, size of trees) and amount of forest-floor illumination (cloud cover, lunar illumination) and their interactions affect whether a resource patch is used and, if so, how extensive foraging is by white-footed mice at that resource patch. We expected that white-footed mice would use resource patches (i.e., eat a single seed on a feeding tray) more often and would eat more seeds (i.e., lower GUD) when the interaction between cloud cover and lunar illumination produced less forest-floor illumination. We also expected an interaction between vegetative cover and forest-floor illumination and predicted that the amount of vegetative cover would have a greater effect on patch use and foraging when forest-floor illumination increased as a result of less cloud cover or greater lunar illumination.
Materials and Methods
Study area and study sites.-Our study was conducted in stands of eastern deciduous forest in southwestern Ohio at East Fork Wildlife Area, Clermont County (39°01′19″N, 84°04′58″W), and on a private parcel in Clermont County (38°59′33″N, 84°16′43″W). In these study areas, we selected 5 study sites during summer 2010 (Sites 1-4 in East Fork Wildlife Area and Site 5 on the private parcel) that contained populations of white-footed mice, encompassed a variety of microhabitats, and were located > 45 m from a forest edge to avoid edge effects. The minimum distance between these study sites was 0.25 km. The amount of light pollution at our study sites was reduced because they were located about 65 km from the Cincinnati metropolitan area and were surrounded by the 1,094-ha East Fork Wildlife Area. Nevertheless, some light pollution occurred from adjacent rural areas outside the wildlife area. The dominant tree species at all 5 study sites was sugar maple (Acer saccharum), with lower abundance of American beech (Fagus grandifolia), northern red oak (Quercus rubra), white oak (Q. alba), shagbark hickory (Carya ovata), Ohio buckeye (Aesculus glabra), black cherry (Prunus serotina), and pawpaw (Asimina triloba). Understory shrubs and vines included spicebush (Lindera benzoin), wild grape (Vitis sp.), and eastern poison ivy (Toxicodendron radicans). Amur honeysuckle is a common invasive shrub in eastern deciduous forests (Christopher et al. 2014 ). Because we suspected that the dense thickets often formed by this shrub could alter the light environment (Kaye and Hone 2016; Chen and Matter 2017) , we intentionally selected study sites without Amur honeysuckle. Multiflora rose (Rosa multiflora) also is a noxious invader in forests in southwestern Ohio, but was not common on our study sites.
Patch use and GUDs.-At each study site, we established a grid containing either 25 (Sites 1 and 2; 0.36 ha) or 16 (Sites 3, 4, and 5; 0.20 ha) feeding stations spaced 15 m apart, for a total of 98 stations. Size of these grids was sufficient to enclose several home ranges or portions of home ranges of white-footed mice (average home range size ≈ 0.1 ha- Lackey et al. 1985) . At each station, we positioned feeding trays (i.e., resource patches) consisting of a 22.5 × 11 × 7 cm aluminum tray covered with a 24 × 12 × 11 cm cage made of 6-mm hardware cloth, and fastened to the ground with tent stakes to prevent disturbance by raccoons. A 2.4 × 2.6 cm opening was cut into each end of the cage to allow white-footed mice access to the feeding trays while preventing larger animals from disturbing them. Each feeding tray contained 1 liter of sand (depth ≈ 4 cm), 24 black oil sunflower seeds thoroughly mixed into the sand to avoid clumping, and 1 seed placed on top of the sand. Our pilot trials determined that animals ate additional seeds when feeding trays were left out for a second night, so we set out trays during late afternoon and checked them after 2 nights of exposure. When feeding trays were checked, we determined whether the seed on top of the sand was present or absent and then sieved the sand to count the uneaten sunflower seeds. If the top seed was missing, we determined that the resource patch had been used. By removing 1 seed, an animal was using the feeding tray, but might not have remained to uncover and eat more seeds because the risk of predation (cost of foraging) was high at that particular feeding tray. Conversely, after eating 1 seed, an animal might forage to eat more seeds because the risk of predation or the cost of foraging was lower at that feeding tray.
We measured GUD as the proportion of seeds eaten out of the 25 seeds placed in each feeding tray. Because we had a limited number of feeding trays, we deployed them in Sites 1 and 2 simultaneously and in Sites 3-5 simultaneously. From late July to late September 2010, we deployed and sampled feeding trays 4 times at Site 1, 5 times at Site 2, and 3 times at each of Sites 3-5. Thus, over the course of our field work, we set out feeding trays at study sites a total of 18 times and deployed feeding trays 369 times. Fifteen feeding trays were never visited over the course of the study. We excluded these trays from analyses because we could not conclusively determine whether these trays were not visited because they were extremely risky or because they were not within the home range of any individual. Thus, the sample size for our analyses was based upon 354 estimates of patch use and foraging.
Vegetation and ambient light.-Average percent vertical cover, percent ground cover of CWD, and number and average diameter at breast height (DBH) of trees affect movement of white-footed mice in deciduous forests in southwestern Ohio (Klein and Cameron 2012) . Accordingly, we measured these variables in the same way as Klein and Cameron (2012) . Because these vegetation characteristics do not change substantially during the summer, we quantified them once during our field season within a 28-m 2 circular area centered on each feeding station. We measured vertical cover with a 2-× 1-m profile board divided into 4 0.5-m horizontal strata, each of which contained 100 blue and 100 white squares in a checkerboard arrangement (MacArthur and MacArthur 1961; M'Closkey and Fieldwick 1975) . This board was placed in each of the 4 cardinal directions at each station while the observer stood 3 m away and counted the number of white squares in each stratum that were less than half obscured. We did not distinguish cover of individual plant species because we were interested in how the total amount of vegetative cover affected foraging. Because white-footed mice may be more responsive to cover near the ground when they are foraging, we computed vegetation cover as percent low vertical cover (LVC; 0.0-0.5 m [(100 − number of white squares counted)/100]) and percent high vertical cover (HVC; 0.5-2.0 m [(300 − number of white squares counted)/300]). We averaged measurements in each cardinal direction to obtain a single value for percent LVC and for percent HVC for each station. We visually assessed percent ground cover of CWD < 5 cm in diameter in 4 0.5-× 0.5-m quadrats randomly placed within the 28-m 2 sampling area. We selected CWD < 5 cm in diameter because Klein and Cameron (2012) found that CWD < 5 cm in diameter affected movement of white-footed mice. We also recorded the number and DBH of trees within the 28-m 2 sampling area. We also measured physical factors (i.e., lunar illumination, cloud cover) that could affect the amount of ambient light reaching the forest floor. We obtained data from the U.S. Naval Observatory (http://aa.usno.navy.mil/data/docs/MoonFraction. php) on the fraction of the moon illuminated and we determined the number of hours the moon was visible each night feeding trays were set out from times of moonrise and moonset for Batavia, Ohio (www.sunriseset.com), 9 km NNW of our study area. We constructed a lunar illumination index (i.e., the total amount of lunar illumination) by multiplying the fraction of the moon illuminated by the number of hours of lunar illumination over the 2 nights the feeding trays were in the habitat. Additionally, for each hour of the night that feeding trays were in the habitat, we obtained data on cloud cover from the U.S. National Climatic Data Center (http://www.ncdc.noaa.gov/ cdo-web/datatools/findstation) for the Cincinnati Municipal Airport, Lunken Field, the closest weather station (24 km NW) to our study area. In this data set, amount of cloud cover ranged from 1 (clear, no clouds) to 5 (overcast) for each of 3 altitudes above the ground. We averaged cloud cover over the 3 altitudes and over the hours during the 2 nights feeding trays were set out to obtain an estimate of total cloud cover for each session.
Small mammal community.-We used live traps at each study site when foraging was not being measured to determine abundance of white-footed mice and to identify the presence of other small mammals that could forage in feeding trays. We placed Sherman live traps (7.5 × 7.5 × 25 cm; H. B. Sherman Traps, Inc., Tallahassee, Florida) at each station in each study site, baited them with rolled oats and sunflower seeds, and checked them for 3 consecutive nights during 29-31 July, 30 August to 1 September, and 24-26 September 2010. We marked whitefooted mice with individual ear tags (#1005 Size 1 Monel; National Band and Tag Company, Newport, Kentucky). We distinguished P. leucopus from P. maniculatus by its longer, uniformly colored tail, longer hind foot, and orange-brown to gray-brown pelage (Whitaker and Hamilton 1998; Bruseo et al. 1999) . In this area of southwestern Ohio, P. maniculatus occurs more often in open, shrubby or grassy fields and agricultural fields than in the closed-canopy deciduous forest where we located feeding stations. In previous studies at East Fork Wildlife Area, abundance of white-footed mice during JulySeptember ranged from 20 to 40/ha (Cramer and Cameron 2006; Klein and Cameron 2012) . However, we suspected that abundance of P. leucopus was very low during 2010 because we had difficulty identifying study sites with sufficient animals in late spring, which resulted in us not completely identifying suitable study sites until midsummer. The effect of this delay was that we sampled Sites 1 and 2 more times than Sites 3-5 because the latter sites were identified later in the season (see "Patch use and GUDs"). The low abundance of animals may have reflected lower precipitation (891 mm) in this study area than the annual average (1,067 mm) and especially low rainfall during the months of livetrapping (125 mm) compared to the annual average for those months (272 mm; data from the Cincinnati Municipal Airport, Lunken Field).
Our procedure for trapping and handling animals followed guidelines of the American Society of Mammalogists (Sikes et al. 2016) and was approved by the University of Cincinnati Institutional Animal Care and Use Committee (Protocol 07-12-12-01).
Data analysis.-We entered percent LVC, percent HVC, and percent ground cover of CWD as proportions in the analyses described below. Number of trees and DBH were correlated (r 96 = −0.28, P < 0.01) so we only used DBH in the analyses. LVC and HVC also were correlated (r 95 = 0.42, P < 0.01; degrees of freedom were lower in this analysis because of 1 missing data point), but we retained both variables in the analyses because we were interested in whether they had different effects on foraging behavior. Patch use and GUD were considered logistic and binomial variables, respectively. For each trial, we classified a feeding tray as used (1) if the seed on top of the sand was eaten and not used (0) if it and no other seeds were eaten after 2 nights of exposure.
We wanted to examine the interactive effect of vegetation and ambient light on patch use and GUD, but the number of variables we measured was such that including them together in a single, full analysis exhausted the degrees of freedom. Therefore, we included vegetation (HVC, LVC, CWD, DBH) and ambient light (moon, clouds) variables in separate preliminary analyses which allowed us to identify those variables from each category that significantly affected either patch use or GUD. Then, we included these significant variables and interactions among them in a separate analysis to determine the joint effect of vegetation and ambient light on patch use and GUD. We used a generalized linear mixed-effects model (glmer, a routine of the generalized linear mixed model [GLMM] ). Each feeding station was considered a random effect variable to account for repeated and a differing number of sampling times at each feeding station (Crawley 2013) . Treating each feeding station as a random effect factor also alleviates problems with spatial correlation that may arise because of differences among or within study sites but not accounted for by the independent variables.
For the separate preliminary analyses of vegetation and illumination, we began with full models that included all factors and their interactions for the illumination models. We then used likelihood ratio tests between the full models and reduced models to determine significant factors (Crawley 2013) . For the combined models incorporating vegetation, illumination, and all interactions, we evaluated each factor versus the full combined model, again using likelihood ratio tests.
Our purpose for livetrapping was to determine whether mammalian granivores other than P. leucopus occurred in this habitat and, therefore, might access our feeding trays. Because our livetrapping was not designed to assess population density of these small mammals, we did not analyze the data with statistical estimators or compute minimum number alive. Rather, we used the actual number captured as an index of population abundance (Pocock et al. 2004) . Actual numbers of each small mammal captured were aggregated by study site and sampling date and total number of each species of small mammal captured was computed. We compared these data among types of small mammals trapped to ascertain whether granivores other than P. leucopus could have foraged at our feeding trays.
We used R (v 3.0.2-R Development Core Team 2013) for all statistical analyses.
results
Livetrapping small mammals.-Peromyscus leucopus was the most abundant small mammal on our grids, accounting for 62.5% of the 104 total individuals captured ( Table 1) . The other granivores, Tamias striatus and P. maniculatus, accounted for 1% and 3.8% of captures, respectively, while the insectivore, Blarina brevicauda, accounted for 32.7% of all captures.
Patch use.-Patch use (i.e., removal of the single seed placed on top of the sand) by P. leucopus was greater at stations that contained higher amounts of LVC, but was unaffected by any other vegetation variable (e.g., wood, HVC, or DBH; see Supplementary Data SD1). Alternatively, increased levels of lunar illumination decreased patch use, whereas neither cloud cover nor the moon × cloud cover interaction affected patch use (see Supplementary Data SD2). When we combined the significant vegetation variable (LVC), the significant light variable (moon), and the LVC × moon interaction into a model, patch use was higher where there was more LVC and when lunar illumination was lower (Fig. 1) , but there was not a LVC × moon interaction (Table 2) .
Giving-up density.-The proportion of seeds eaten was higher (GUD was lower) at feeding stations with greater LVC, but HVC, CWD, and DBH did not affect GUD (see Supplementary Data SD3). In addition, the proportion of seeds eaten was affected by cloud cover, lunar illumination, and the moon × clouds interaction (see Supplementary Data SD4). When we combined the significant vegetation variable (LVC), the significant light variables (moon, clouds), and their 2-and 3-way interactions into a model, all individual factors and interactions were significant (Table 3) . At low levels of LVC (< 30%), there was little foraging (i.e., fewer seeds eaten, GUD higher) 808 JOURNAL OF MAMMALOGY at any level of cloud cover or lunar illumination; foraging did not increase even on overcast nights with no moon (Fig. 2) . At moderate levels of LVC (≈ 60%), foraging decreased with increasing lunar illumination and fewer clouds (Fig. 2) , but increased when greater amounts of cloud cover reduced the negative effect of high lunar illumination. Where the amount of LVC was highest, foraging was greatest (GUD was lower) and interactions were the strongest. Foraging was greatest in these areas on nights with high lunar illumination and few clouds and on dark, cloudy nights. Foraging was lowest (GUD was higher) on dark, but not cloudy nights, and on bright, cloudy nights ( Fig. 2; Table 3 ).
discussion
Our study differs from other studies by revealing that those environmental variables that determine whether white-footed mice use a resource patch (feeding trays) differ from those environmental variables that determine whether they remain to forage in that resource patch. The likelihood that white-footed mice visit a resource patch increased with the amount of LVC and with low lunar illumination. By contrast, once a whitefooted mouse selected a patch in which to forage, the amount of foraging (measured as proportion of seeds eaten), and consequently the duration remaining in that patch, was affected by interactions among LVC, lunar illumination, and cloud cover.
Based upon the results of livetrapping, we conclude that P. leucopus was the primary granivore foraging in feeding trays. Other granivores (T. striatus, P. maniculatus) were rarely captured or were never captured (southern flying squirrel [Glaucomys volans] and woodland vole [Microtus pinetorum]; Table 1 ). In our other studies in this habitat, G. volans also were rarely captured and only in tree traps. M. pinetorum were never captured and, because of their low abundance in Ohio, are listed as a species of concern by the Ohio Division of Wildlife. It also is unlikely that either T. striatus or G. volans foraged in feeding trays because the size of the entrance holes (24 × 26 mm) was nearly the same as the breadth of their zygomatic arch (20-23 mm-Elbroch 2006). It is possible that subadult chipmunks or flying squirrels could have entered the feeding trays. However, if they entered the trays, we expected hair from these larger mammals would be caught on the hardware cloth around the entrance holes or, because of the way chipmunks and flying squirrels forage, we would find sand ejected from the feeding trays resulting in large cavities in the sand. These indicators were not observed. Seeds can comprise ≈ 2% of the diet of the insectivorous B. brevicauda (Whitaker and Mumford 1972) . While it is possible that this species entered feeding trays and ate the seed on top of the sand, we cannot confirm such an event and, consequently, adhere to our conclusion that P. leucopus consumed seeds in the feeding trays. We believe this is an accurate representation of small mammals that might enter the feeding trays because bait in the live traps (sunflower seeds) was the same as food in the foraging trays, indicating that we would expect the assemblage of granivores to be similar in traps and feeding trays. There also was no evidence of any insects, such as beetles or ants, removing sunflower seeds from the feeding trays during the day or night. While seed-harvester ants are common in the southwestern deserts and, to some extent, in the southern states, they are not common in the upper Midwest (Johnson 2001 Use of resource patches by P. leucopus was affected by variation among patches in amount of LVC and forest-floor illumination. The likelihood of using a patch increased with LVC (Fig. 1a) . While there was variation among stations in amount of LVC (Fig. 2d) , there was no change in LVC at a station during the course of our field work. Lower vegetative cover at some stations likely made them more risky (i.e., susceptible to predation) because of a lack of physical and visual protection. Additionally, we determined that the likelihood of white-footed mice using a resource patch decreased as lunar illumination increased (Fig. 1b) . This result is concordant with predationavoidance behavior, as Peromyscus are more cautious and predators are more effective hunters during nights with a bright moon (Clarke 1983) . Unlike LVC, amount of lunar illumination was temporally variable. Hence, stations selected to use based upon LVC could be more or less risky depending on the amount of lunar illumination, making the choice of using a particular station variable in time. Because we did not find a significant interaction between LVC and lunar illumination, these variables acted independently to affect whether a resource patch was used by white-footed mice.
Our results also indicated that foraging intensity of P. leucopus was affected by the interaction between LVC, moon, and clouds ( Fig. 2) . At low levels of LVC, the amount of forest-floor illumination was inconsequential because there simply was little foraging (proportion of seeds eaten was low; GUD was high; Fig. 2a ). This result implies that, at low levels of LVC, white-footed mice perceive the environment as too risky to forage for an extended time, suggesting that mice were responding more to abundance of LVC than to illumination per se. At intermediate levels of LVC, the amount of foraging was a function of the amount of illumination at the forest floor (Fig. 2b) . Foraging was less with higher lunar illumination and lower cloud cover and increased when higher cloud cover reduced the effect of high lunar illumination. At high levels of LVC, foraging increased during moonlit nights with few clouds (Fig. 2c) . In spite of some risk because of high forest-floor illumination, P. leucopus apparently still must forage to obtain necessary diet items, but most likely foraged in less risky areas such as those with very high LVC. Foraging also increased on overcast nights with little lunar illumination, which simply may indicate that this amount of cloud cover reduced the risk of foraging. A decrease in foraging on cloudy nights with high lunar illumination is counterintuitive as we would expect increased foraging on these dark nights. However, this result likely is an artifact because we had few data points on nights with these conditions (Fig. 2d) . The decrease in foraging on nights with no moon and few clouds also is counterintuitive as we would expect increased foraging on these nights. A possible explanation could involve how P. leucopus orients in the habitat. The perceptual range of P. leucopus increases with illumination, thereby allowing better orientation in the habitat (Zollner and Lima 1999) . Directional stimuli obtained under high light conditions can be used under conditions of lower light. Perhaps under very dark conditions with no moon and few clouds, orientation by P. leucopus was more difficult and resulted in lower foraging activity. This explanation is strengthened by the finding of Barry and Francq (1982) that the preferred level of illumination by P. leucopus in an open field ranged from that similar to illumination on a cloudy, moonlit night (0.005 foot candles) to that similar to illumination on a clear, moonlit night (0.020 foot candles). While illumination on the forest floor in a deciduous forest likely would be lower than these values, illumination would be much lower on dark nights with no moon and no clouds and difficulty in orientation under those conditions could explain the reduced foraging by P. leucopus (Fig. 2c) .
The differences we detected between patch use and foraging intensity likely reflect whether white-footed mice perceived a station as risky (i.e., prone to predation) or not risky. An individual that enters a foraging tray and eats 1 seed was determined to have used that tray. Depending on the amount of LVC and forest-floor illumination, that tray may be perceived as risky, and, if so, a mouse will leave. By entering the feeding tray and sampling 1 seed, a mouse also assesses whether to forage in that tray. If the amount of LVC and forest-floor illumination indicates that the feeding tray is less risky, the individual remains to forage. Thus, white-footed mice base foraging on the more complicated set of interactions we identified above, but may use habitat at least to move through and obtain a quick meal based on less stringent LVC and lunar illumination. Mice appear to use more information to make decisions about foraging in resource patches than about using resource patches.
A wide range of results has been reported by studies that analyzed the impact of a single factor on foraging. For example, Mattos and Orrock (2010) found no significant difference in microhabitats where P. leucopus foraged or did not forage, but others determined that P. leucopus occupied microhabitats with more vegetative cover and that foraging increased with higher amounts of vegetation cover (Barnum et al. 1992; Manson and Stiles 1998; Fanson 2010) . Another single factor, lunar illumination, was reported to adversely affect foraging by P. leucopus (Clark and Kaufman 1991; Jekanoski and Kaufman 1995; Fanson 2010) , but other studies found that movement and foraging were unaffected by lunar illumination (McMillan and Kaufman 1995; Manson and Stiles 1998; Mattos and Orrock 2010) . Such contrasting results could reflect differences in abiotic conditions or habitat among studies. For example, an increase in GUD with lunar illumination was reversed for P. polionatus ammobates during high daily minimum temperatures (Falcy and Danielson 2013) , and lunar illumination had no effect on activity of small mammals in habitats containing dense tall grasses, inferring that cover reduced perceived predation risk (Jensen and Honess 1995; Stokes et al. 2001) .
Similarly, the impact of another single factor, cloud cover, on movement and foraging of rodents has varied among studies. Activity of Dipodomys ordii was greater with moonlight and cloud cover than with moonlight and no cloud cover, activity Table 2 .-Effect on patch use by Peromyscus leucopus determined by models including the significant vegetation variable (LVC) and the significant light variable (moon) obtained from preliminary models (see Supplementary Data SD1 and SD2). At each station containing feeding trays measures of vegetation included: DBH = diameter at breast height of forest trees; wood = percent ground cover of coarse woody debris; HVC = high (0.5-2.0 m) vertical cover; LVC = low (0-0.5 m) vertical cover (see "Materials and Methods" for details). Significance of each factor was tested using a likelihood ratio test between the full model and a reduced model without the variable of interest. Note that for individual terms the interaction was also removed, e.g., for the effect of moon both the linear term and the interaction with LVC were removed, thus d.f. = 2. * = indicates P < 0.05; SE = standard error; χ 2 = chi-square test statistic. The first column of P-values reflects whether the estimate differs from zero, whereas the second column of P-values reflects the maximum likelihood test determining whether the factor is significant. The degrees of freedom (d.f.) and deviance are indicated for the null model. Table 3 .-Effect on proportion of seeds eaten by Peromyscus leucopus determined by models including the significant vegetation variable (LVC) and the significant light variable (moon, clouds) obtained from earlier models (see Supplementary Data SD3 and SD4). Variable abbreviations as in Table 2 . Significance of each factor was tested using a likelihood ratio test between the full model and a reduced model without the variable of interest. Note that all higher-level interactions involving a term also were removed, e.g., when testing the effect of LVC, we removed LVC, LVC × moon, LVC × clouds, and LVC × moon × clouds, hence the test had 4 d.f. * = indicates P < 0.05; SE = standard error; χ 2 = chi-square test statistic. The first column of P-values reflects whether the estimate differs from zero, whereas the second column of P-values reflects the maximum likelihood test determining whether the factor is significant. The degrees of freedom (d.f.) and deviance are indicated for the null model. of several species of small mammals was greater on cloudy nights, and foraging by white-footed mice increased on overcast nights when predation risk was lower (Gentry et al. 1966; Kaufman and Kaufman 1982; . Alternatively, Manson and Stiles (1998) found that cloud cover did not affect foraging of P. leucopus although seed removal was lowest during partially cloudy conditions, and Barry and Francq (1982) found that captures of P. leucopus were similar under clear or partly cloudy skies when the moon was visible. Cloud cover also did not affect movement of prairie rodents (Sigmodon hispidus, Microtus ochrogaster) likely because heavy ground cover made their movements less risky (Stokes et al. 2001 ).
Our results expand our knowledge of foraging by small mammals in several different, but related ways. We demonstrate that the factors that determine whether white-footed mice use certain sites depends not on a single factor, but on the amount of vegetation and forest-floor illumination. Whitefooted mice apparently sample a foraging site by visiting and beginning to eat (a single seed in our case). If vegetative cover and forest-floor illumination indicate that the foraging site is risky (i.e., prone to predation), the mouse abandons that site. If, on the other hand, the amount of vegetative cover and forestfloor illumination characterizes the site as less risky, the mouse remains to forage. However, whether the mouse remains to forage depends not only on the amount of vegetation and forestfloor illumination, but also on the interactions among these variables. Identification of these different behaviors of whitefooted mice have not previously been demonstrated, nor has the impact of multiple variables and their interactions, although Fanson (2010) found no effect of the cover × moon interaction on GUD by P. leucopus. LVC (0.28, 0.61, and 0.89, respectively) . These values were used to generate the predicted values. Panel (d) shows the observed proportion of seeds eaten at each of 83 feeding trays when lunar illumination ranged from no moon to full moon and cloud cover ranged from absent to overcast. Stations with low (▼), moderate (•), and high (▲) LVC based on the upper middle and lower third of the distribution are indicated. Note that cloud cover increases from right to left to allow better visualization.
Results from our study also may help explain the variation in results of earlier studies on the importance of environmental variables on microhabitat use and foraging by P. leucopus. We demonstrate that foraging by small mammals is likely a more nuanced response than indicated by the results of these studies. Not only is there spatial and temporal variability in vegetation and ambient illumination variables, but also these variables interact to affect foraging by P. leucopus (Fig. 2) . As described above, some previous studies find an effect of lunar illumination or CWD or cloud cover on microhabitat selection while others find no effect. For the most part these studies analyzed a single environmental factor. While differences in habitat or geographic location could play a role in these divergent results (Menzel et al. 1999; Jones and Lindquist 2012) , we suggest that studying several environmental factors as well as their interactions may resolve some of these contrasting findings. As such, our finding that vegetative cover and illumination interact to affect foraging indicates that without knowing light levels the effect of vegetation cover cannot adequately be assessed and vice versa. That is, a study conducted at sites with LVC would show little effect of illumination, whereas a study conducted with more LVC would show a stronger effect of illumination.
In light of our findings, we suggest that it will be productive for future studies of patch use and foraging by small mammals to parse how environmental factors affect visiting a resource patch from foraging at that patch. In addition, the effect of multiple environmental factors and their interactions on this behavior should be analyzed.
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